Interactions of n-3 fatty acids with ion channels in excitable tissues.
In summary, we have shown that the conventional explanation for the site of action of a ligand which alters the conductance of a membrane ion channel is that the ligand interacts or binds with the ion channel protein, changing its conductance, is inadequate to explain the primary site of action of the antiarrhythmic n-3 PUFAs. We have shown that when a neutral asparagine is replaced by a positively charged lysine in the N406 amino acid site in the alpha-subunit of the human cardiac sodium channel, the n-3 fatty acids lose their inhibitory action on the sodium current. The inadequacy of this finding to explain the primary site of action of the n-3 PUFAs is demonstrated by the inhibitory effect on all other cardiac ion channels, so far tested. We show that ion channels, which share no amino acid homology with the PUFAs, have their conductance also reduced in the presence of the PUFAs, Thus a more general conceptual framework or paradigm is needed to account for the broad action of the PUFAs on diverse different ion channels lacking amino acid homology. We have been testing the membrane tension hypothesis of Andersen and associates. According to this hypothesis, the fatty acids are not acting directly on the ion channel protein but accumulating in the phospholipid membrane in immediate juxtaposition to the site in the membrane where the ion channel protein penetrates the membrane phospholipid bilayer. This alters membrane tensions exerted by the phospholipid membrane on the ion channel, which in turn causes conformational changes in the ion channel, altering the conductance of the ion channel. Our preliminary data seem to support this membrane tension hypothesis.